Iron deficiency is the world's most common nutritional disorder and is predominantly responsible for anaemia in human populations. Its management and control involve iron supplementation and fortification of foods and, in developing countries, the control of parasitic infections as well. It is also important to formulate foodbased strategies to improve the bioavailability of dietary iron, for example, by promoting culturally acceptable changes in food choices, processing, and preservation. These require sound scientific data from nutritional research and the participation of women scientists who are familiar with the local and sociocultural preferences of the target communities. Research has shown that the major effects of processing on iron availability are associated with the separation, dehulling, and cooking procedures. The magnitude of losses varies with the food type and processing technique. Blanching and homogenization of vegetables may account for up to 28% and 40% of soluble iron loss, respectively. Moreover, the traditional practice of adding kanwa (an alkaline salt) to soften beans and to impart a green colour to vegetables during cooking results in reduced iron availability. In contrast, germination and fermentation have been shown to enhance the availability of iron from foods. Thus, traditional-food processing methods, such as fermentation, should be encouraged, actively promoted, and preserved.
Introduction
The state of health of women and their general wellbeing constitute an important measure of the health of the whole population. Iron deficiency is the most prevalent nutritional disorder, particularly in third world countries [1] . Apart from young children, adolescent girls and women (table 1) [2] are the groups most vulnerable to anaemia ( fig. 1 ) [3] . Women have additional iron requirements from puberty to menopause. This arises from the physiological requirements of menstruation, pregnancy, and, to some extent, lactation. In adolescent girls, iron loss (basal plus menstrual loss) is 1.4 mg/day, and the requirement for pregnant women is about 1,000 mg during the second and third trimesters. In most developing countries, the high iron demands of these groups are not met [4] , mainly because of the poor availability of iron in tropical diets, thus leading to a high incidence of irondeficiency anaemia among girls and women.
Importance of iron and the consequences of iron-defi ciency anaemia
Iron is an important element in energy metabolism and many other metabolic processes in the human body. It is an essential component of haemoglobin in red blood cells. Its deficiency results in anaemia, with the attendant devastating consequences. Even before the onset of anaemia, iron deficiency has been implicated in the impairment of cognition, thermoregulation, physical work capacity [5] , and immunocompetence [6] and in other functional abnormalities [7] . Iron deficiency impairs work performance by reducing the rate-limiting iron-dependent enzymes in muscle. The general symptoms of anaemia include weakness, lack of energy, breathlessness, and palpitation on exertion. An association between poor performance on a treadmill and low haemoglobin levels has been demonstrated [8] [9] [10] . The productivity of anaemic rubber tappers [11] and tea pickers [8, 12] is reduced.
The administration of iron promptly restores physical capacity. Because girls and women are more subject to iron deficiency and its associated debilitating consequences, the overall effects on their work capacity and productivity significantly reduce and impair their contribution to the economic development of society.
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Iron also contributes significantly to the development of the brain [13] . Symptoms associated with abnormalities in mental behaviour and reduced intellectual performance have been observed in iron-deficient animals and children [14, 15] . They include apathy, irritability, lack of concentration, low scores in school, and reduced assimilation and learning capability [6, 16] . These are reversed after iron therapy [17] .
Significant correlations have been found between iron levels and IQ [18] . Although these abnormalities may have multifactorial causes, iron plays an important metabolic role in changes in some neurotransmitters in the brain and in brain development. Iron-deficiency anaemia is thus deleterious to educational achievement and capability, and nutritional adequacy is a key determinant of the quality of life and the development of human resources. Iron-deficiency anaemia is therefore a key factor in preventing the full social, physical, and intellectual expression of human genetic potential. Maternal anaemia also results in foetal growth retardation, low-birthweight babies, and increased neonatal mortality [19] .
The control of iron-deficiency anaemia continues to receive attention both nationally and internationally. The focus has been on iron supplementation, food fortification, and, in developing countries, the control of associated parasitic infection. The Plan of Action for Nutrition that was unanimously adopted in 1992 by governments attending the International Congress on Nutrition included approaches towards the prevention and control of micronutrient deficiencies by giving priority to food-based strategies. This is highly relevant to the developing countries of Africa, where iron supplementation and fortification are faced with seemingly insurmountable obstacles. Since low bioavailability of iron is a major contributory factor to iron-deficiency anaemia, the improvement and enhancement of the absorption of dietary iron are the long-term sustainable approaches to the prevention of this nutritional disorder. The aim in formulating food-based strategies is to improve the bioavailability of dietary iron, for example, by promoting culturally acceptable changes in food choices, processing, and preservation. These efforts require a sound scientific database from nutritional research and the participation of women scientists who are familiar with the local and sociocultural preferences of the target communities. The approaches will vary in different countries according to food types, local diets, customs, processing, and traditional food systems. These issues were discussed most recently at the UNICEF/UNU/ WHO/MI technical workshop on preventing iron deficiency in women and children held at UNICEF headquarters in October 1998 [20] .
Food-based approaches to improving the bioavailability of dietary iron

Iron content of foods
Wide variations occur in the levels of iron in tropical foods. Tropical foods high in iron include legumes, such as soya bean, cowpea, and pigeon pea, and some cereals, such as teff, sorghum, and millet. Differences in iron content of plant foods may be due to crop variety (figs. 2 and 3), soil conditions, and maturity at harvest. Recent advances in maize breeding and genetics have addressed ways of increasing the levels of iron and possibly phytase (an enzyme that degrades phytic acid in the gut) in transgenic seeds [21] . In animal foods, iron levels can be affected by age, sex, nutrition, breed, and amount of activity of the animal. Differences also exist in the amount of iron in different tissues and organs ( fig. 4 ). Exogenous iron in foods can be due to fortification, cooking utensils and cans used in processing, and even dirt. Contaminant iron in soil particles and drinking water may account for a significant intake of this element in Nigeria [22] . A lot of extrinsic iron is introduced into food items during the traditional stone milling still used in many areas of the third world [23] .
Effects of processing on iron Levels and availability
Plant foods
Raw vegetables eaten in tropical countries, particularly Nigeria, could contribute significantly to the total iron intake. Green leafy vegetables are subjected to various processing procedures ( fig. 5 ). These include blanching and homogenization to enhance the sensory characteristics of these vegetables and, in some cases, to detoxify antinutritional factors. Unfortunately, Fe (mg/100g) these processes result in the loss of 28% to 47% of the soluble iron [24] .
Iron loss during these procedures is aggravated by the loss of ascorbic acid, a potent enhancer of iron availability [25] . Ascorbic acid maintains iron in its highly absorbable soluble form in the intestine. Furthermore, the soluble chelates counteract the inhibitory effects of phytates and polyphenols in grains and vegetables. It is therefore advocated that rich sources of ascorbic acid, such as tomatoes, peppers, and citrus fruits, be incorporated into recipes that use processed vegetables. About 100 g of vegetables, providing 50 mg of ascorbic acid, will significantly increase the amount of iron that is absorbed [26] . Better still, the practice of eating an orange during or immediately after meals should be encouraged. Citric, malic, and tartaric acids, which are present in oranges, lemons, pawpaws, and guavas, also enhance iron absorption. The traditional practice of drinking an herb extract could contribute to mineral intake [27] . Figure 6 shows the amounts of iron extracted from some Nigerian herbs by homogenization and boiling. Drinking these extracts not only improves mineral intake but also enhances the intake of other beneficial vitamins. Significant amounts of iron are also lost by traditional methods of processing soya beans [28] (fig. 7) .
Traditional techniques of processing cereals and some legumes in most developing countries involve soaking, pre-germination, and fermentation. Germination and fermentation enhance iron availability from cereals and legumes [29] . During these processes, the activity of endogenous phytase in these foods is increased, resulting in hydrolysis of the iron-inhibiting inositol hexaphosphates and pentaphosphates into non-inhibitory lower-inositol inorganic phosphates. Germination and fermentation improve iron availability by improving amino acid availability, decreasing phytate concentrations, increasing fibre degradation, and enhancing the production of organic acids. Moreover, they increase ascorbic acid levels in the foods.
Weaning gruels can be made from whole grains of maize, millet, sorghum, and guinea corn, which are normally soaked and fermented for three to four days before grinding. Although this procedure is beneficial for iron nutrition, the subsequent sieving of the ground gruels in several changes of water, which is ultimately discarded, results in a significant loss of nutrients. Other reasons for loss of iron during food processing include discarding iron-rich cooking broth and removing or dehulling cereals, causing loss of iron in the seed coat (testa). Loss of iron in cooking water is minimized by cooking food in large pieces, cooking food with the testa, and simmering rather than boiling.
It is desirable to preserve, encourage, and promote traditional food-processing methods such as fermentation. Indigenous women are rich reservoirs of knowledge of traditional food-processing and handling systems, and should be involved in the development and conservation of these resources for sustainable development. The compilation of a compendium of traditional African foods as a first step is long overdue. Moreover, women do most food handling and preparation and therefore should be empowered to utilize the various good nutritional practices for the family, society, and the whole population.
Animal products
Meat, fish, and poultry are sources of highly bioavailable haem iron, the concentration of which varies in different types of meat and tissues. Since these food items are costly and are eaten sparingly by most people in developing countries, animals should be slaughtered by methods that ensure minimal loss of blood. High residual blood in meat will increase the concentration of highly available haem iron. At the household level, blood from slaughtered poultry and game could be collected and incorporated into local recipes. With improved hygienic conditions, this could be extended on a larger scale to abattoirs where most of the larger animals are slaughtered for the community. A proportion of haem iron in meat is degraded to non-haem iron during cooking [30] . Precipitation and insolubilization of haem iron during cooking of meat decrease the availability of iron ( fig. 8 ). Cooking denatures haem proteins in meat, which are then precipitated. Prolonged cooking reduces the absorption of iron from meat [31] . Eating rare or medium-cooked meat presumably enhances the availability of iron from these sources. However, this practice must be exercised cautiously in developing countries, because prolonged heating effectively sterilizes meats contaminated by microbes and parasites.
When haem iron is present in a mixed meal, the contribution of haem iron as a percentage of total absorbed iron is greater than that of non-haem iron [32] . Haem iron is thus of great nutritional importance in the diet, because it is unaffected by the inhibitors of non-haem iron. The enhancement of iron absorption by meat [33] is probably due to the hydrolysis of meat protein into amino acids and polypeptides, which chelate non-haem iron to facilitate its absorption [34] . However, the mechanism has yet to be fully established. Meat, fish, and poultry should be components of mixed diets of populations at risk for iron deficiency. Unfortunately, however, in many African communities, for cultural reasons women still reserve meat and other animal products for the men in the household.
Composite meals
Vegetarian diets, because of the reported reduced risk of some chronic nutritional disorders, are being widely advocated and embraced by an increasing number of people, particularly women [35] and adolescent girls [36] , many of whom desire to maintain slim figures. In third world countries, however, eating predominantly plant-based foods, rather than being a matter of choice and preference, is due to economic more than cultural constraints. Populations subsisting mainly on plant foods are at risk of deficiencies of some nutrients, particularly iron [37] and zinc. The solubility of some minerals is lower in vegetarian than in omnivorous diets ( fig. 9 ). Thus, vegetarianism and reliance solely on plant foods can have adverse consequences on women, particularly during the reproductive years.
Other culinary and consumption practices
A number of culinary and eating practices influence iron absorption. Drinking coffee or tea within one hour of food consumption results in a decrease in iron absorption of 40% and 85%, respectively [38] . These inhibitors of iron absorption should be consumed sparingly by groups at risk for iron deficiency. Kanwa and other alkaline salts used to reduce the cooking time of legumes decrease the availability of iron from such foods. As observed earlier, vegetables and fruits are maximally beneficial to iron absorption when eaten fresh. The practice of eating kola nuts and other masticatories (chewable fruits from tropical trees), which is common in parts of Nigeria, can negatively affect iron utilization, particularly in pregnant women ( fig. 10 ). Because of the high bioavailability of iron in human milk, the amount of iron provided by breastmilk in iron-replete mothers is adequate to prevent iron-deficiency anaemia in babies for the first four to six months of life. The importance of exclusive breastfeeding during this period cannot be overemphasized. The practice of eating cereal-legume mixtures could, in addition to enhancing the efficiency of protein utilization, also improve micronutrient utilization.
Conclusions
Food guides for Nigeria and other developing countries should aim at the selection of a variety of foods that Although fortification of foods with iron is only a recent development in Nigeria, local foods can, in the interim, enhance iron availability in the home. Emphasis should be placed on improving the bioavailability of dietary iron by promoting culturally acceptable changes in food choices and preparation [39] . These food-based approaches require a sound scientific basis and intervention studies. They should be built on practical experiences and recognize women's participation in nutrition, the agricultural sciences, food processing, and marketing. The acquisition of skills in problem assessment, management, monitoring, and evaluation by women should be promoted [40] . The success of the initiatives of international organizations to improve iron status is dependent on the support and sustainable commitment of the national governments and the private sector in the implementation of policies aimed at curbing the scourge of iron-deficiency anaemia. The overall policies should embrace the improvement of the diet to enhance iron bioavailability, fortification of staple food with iron, and well-monitored iron supplementation of target groups at high risk for iron-deficiency anaemia [41] . The goal is the control and alleviation of iron-deficiency anaemia among the groups that are most vulnerable.
